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We report an experimental study of the static magnetization M(H,T ) and high-field electron
spin resonance (ESR) of polycrystalline Mg2Gd3Sb3O14, a representative member of the newly
discovered class of the so-called tripod-kagome antiferromagnets where the isotropic Gd3+ spins
(S = 7/2) form a two-dimensional kagome spin-frustrated lattice. It follows from the analysis of the
low-T M(H)-curves that the Gd3+ spins are coupled by a small isotropic antiferromagnetic (AFM)
exchange interaction |J | ≈ 0.3 K. The M(H,T )-dependences measured down to 0.5 K evidence a
long-range AFM order at TN = 1.7 K and its rapid suppression at higher fields ≥ 4 T. ESR spectra
measured in fields up to 15 T are analyzed considering possible effects of demagnetizing fields,
single-ion anisotropy and the dipolar interaction. The latter appears to play a prominent role for
the low-temperature magnetism of the title compound. It gives rise to anisotropic internal fields
developing in the material at T < 30 K, which grow with decreasing T and increasing strength of
the applied magnetic field. Interestingly, in this temperature regime the ESR linewidth experiences
a quasicritical broadening due to the slowing down of the spin dynamics typically occurring by
approaching magnetic order. However, this quasicritical behavior is observed in a strong field of ≈
8 T where the phase transition is strongly suppressed. Thus, in high magnetic fields Mg2Gd3Sb3O14
appears to be in the correlated spin-liquid-like state without long-range order in a broad temperature
range below ∼ 30 K which evidences the importance of geometrical spin frustration for the low-
temperature magnetism of this compound.
I. INTRODUCTION
The archetypical two-dimensional (2D) kagome
Heisenberg antiferromagnet is known to be significantly
frustrated [1], the effects of which include suppression
of magnetic order (with a spin-liquid ground state for
S= 1/2 [1]) and a continuous evolution of physical pa-
rameters concomitant with the growth of short-range
correlations rather than their sudden change due to
phase transitions. In real materials, however, a 2D
Heisenberg model is never ideally realized due to resid-
ual interlayer coupling as well as possible anisotropies
of the spin-spin interactions. Those materials are there-
fore promising candidates for exciting and complex spin-
related physics, where the competition of the different
contributions may lift the ground state degeneracy, in-
fluence the frustration and the effective dimensionality
of the system.
Recently, a new class of interesting compounds, called
tripod kagome (TK) materials with the empirical for-
mula Mg2RE3Sb3O14 (RE = rare earth), have been syn-
thesized and characterized [2, 3], among them the title
compound Mg2Gd3Sb3O14. This compound is an exam-
ple of an effective 2D magnetic planar structure, with
kagome lattice planes consisting of magnetic Gd3+ ions
with spin S= 7/2 separated by planes of nonmagnetic
Mg2+ ions (see Fig. 1). Thus, Mg2Gd3Sb3O14 appears
to be a 2D-counterpart of, e.g., the well-known com-
pound Gd2Ti2O7 [4, 5], in which the Gd
3+ ions sit in a
frustrated pyrochlore lattice, making it an inherent 3D
magnet. The spin-orbit coupling in Gd3+ ions, which
possess a half-filled 4f -shell, vanishes up to first order.
Thus, a splitting of the (2S + 1)−degenerate spin mul-
tiplet of the ion due to the crystal field of the oxygen
ligands is expected to be insignificant as compared to
the relevant experimental magnetic energy scales of this
material. While in Gd2Ti2O7, phase transitions both
depending on temperature as well as on an externally
applied magnetic field have been observed [5], it is to
be expected that in a 2D kagome lattice magnet in-
corporating ions without spin-orbit interaction (such as
Gd3+), no long-range antiferromagnetic (AFM) or fer-
romagnetic (FM) ordering above T = 0 K will occur due
to the isotropy of the exchange interaction, if there are
no additional anisotropic contributions [6] or interlayer
couplings. However, Dun et al. did observe an AFM
phase transition at TN = 1.65 K for Mg2Gd3Sb3O14 [2],
suggesting that there must be some anisotropic inter-
action between the Gd3+ spins or a residual interlayer
coupling. Significant anisotropies might arise, for exam-
ple, as a result of (classical) dipolar spin-spin interac-
tions between the Gd3+ ions within the kagome layer.
These findings motivate a more detailed study of static
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2and dynamic magnetic properties of this compound. In
this respect electron spin resonance (ESR) spectroscopy
is the method of choice, as it can provide insights into
the type and the strength of the spin-spin interactions,
in particular with respect to magnetic anisotropies.
(a) (b)
(c)
Figure 1: (a) Side view of the principal Mg2+ and
Gd3+ ions which constitute the pyrochlore lattice. (b)
View along c-direction of Mg2+ and Gd3+ ions with the
kagome plane as red triangles. (c) Complete unit cell of
Mg2Gd3Sb3O14.
Here, we present results of an ESR spectro-
scopic study of a polycrystalline sample (powder) of
Mg2Gd3Sb3O14 in a broad frequency, magnetic field and
temperature range complemented by measurements of
the static magnetization M(H,T ). Our static magnetic
susceptibility data χ(T ) = MH(T )/H reveal the pres-
ence of an AFM phase transition at 1.7 K, similar to
Ref. [2]. We find that this transition is rapidly sup-
pressed to temperatures below 0.5 K by applying fields
larger than µ0H ∼ 3 T. The analysis of the M(H) de-
pendences at low T reveals an isotropic exchange cou-
pling |J | ≈ 0.3 K (with energy ex = JS2 ≈ 3.5 K for
classical spins). In our high-field ESR experiments we
observed a remarkable evolution of the shape of the ESR
response from a single Gaussian line to a broad, asym-
metric line profile featuring a high-field shoulder which
gradually develops for T < 30 K. We analyzed in de-
tail different mechanisms which could be responsible for
this behavior, such as demagnetizing fields, single-ion
anisotropy, and spin-spin correlations. We came to the
conclusion that the dipole-dipole interaction is likely to
be the dominant factor influencing the low temperature
ESR properties of Mg2Gd3Sb3O14. It gives rise to the
anisotropic internal field whose strength increases with
decreasing T and increasing H, amounting to 0.5 T act-
ing on one spin site (for T = 3 K and µ0H = 8 T). This
corresponds to a total dipolar energy of EDD ≈ 2.35 K.
Remarkably, at high fields of the order ∼ 8 T, where the
AFM transition is suppressed, the ESR data analysis
discloses a critical slowing down of the spin dynamics
in a broad temperature range suggesting that this com-
pound is in a quasicritical, possibly spin-liquid-like state
which appears to be a signature of a strongly frustrated
2D kagome-lattice antiferromagnet.
The paper is organized as follows. In Sect. II sample
preparation and characterization as well as technical ex-
perimental details are described. Static magnetometry
and high-field ESR results are presented in Sect. III and
discussed in Sect. IV. In Sect. V main conclusions are
formulated. Details of the data analysis are explained
in the appendix, Sect. VII.
II. SYNTHESIS, SAMPLE
CHARACTERIZATION AND EXPERIMENTAL
DETAILS
A white polycrystalline sample of Mg2Gd3Sb3O14 was
prepared through a solid-state reaction using a stoichio-
metric mixture of dried Gd2O3 (99.9 %, Aldrich), MgO
(99.95 %, Alfa Aesar) and Sb2O5 (99.9 %, Alfa Aesar).
The mixture of the precursor compounds was homoge-
nized by grinding with mortar and pestle, followed by a
24 h sintering at 1000◦C. The sample was subsequently
ground, pressed into pellets and fired at 1300◦C for 9 h.
Phase purity of the product was assessed by powder X-
ray diffraction (XRD), by using a STOE Stadi P powder
diffractometer in transmission geometry with Cu Kα1
radiation. The diffractometer is equipped with a curved
Ge (111) monochromator and a 6◦ linear position sen-
sitive detector (DECTRIS MYTHEN 1 K detector).
The single-phase nature of the material was confirmed
by the match between the calculated and the experimen-
tal patterns (Bragg R-factor = 5.61, Rf-factor = 7.17)
based on Rietveld analysis of the powder XRD data
(see Fig. 9 in Sec. VII A). Mg2Gd3Sb3O14 crystallizes
in a rhombohedral structure with R − 3m space group
in a hexagonal coordinate system, with cell parameters
of a= 7.3556(1) A˚, c= 17.350(2) A˚. The crystallographic
parameters according to our structural model are similar
to those previously reported [2, 3, 7]. For details regard-
ing the Rietveld analysis and the structural parameters,
the reader is referred to the Appendix, Sect. VII A.
Magnetization measurements were carried out
with Superconducting Quantum Interference Device
(SQUID) magnetometers by Quantum Design (SQUID-
VSM and MPMS-XL). The field dependence of the
3Figure 2: (a) Field dependence of the magnetization at T = 2 K (black squares), its derivative dM/dH (solid line),
Brillouin function corresponding to non-interacting Gd3+ ions with J = S = 7/2 (dashed line, scaled to the
observed saturation moment), and the modelled M(H) dependence (green stars) which takes into account dipolar
and exchange interactions between the Gd3+ spins (for details see the text). (b) Temperature dependence of the
static susceptibility χ(T ) (black squares) and 1/χ(T ) (purple dots) at a field of µ0H = 20 mT together with the
Curie-Weiss fit (dashed line). The AFM transition at TN = 1.7 K is indicated by the vertical dashed line. The
insert shows the derivative of 1/χ(T ) (symbols). The horizontal solid line corresponds to the derivative of the
high-temperature Curie-Weiss fit. The shaded rectangle centered around Ta ≈ 15± 5 K indicates the region where
the χ(T ) dependence begins to gradually deviate from the Curie-Weiss law.
magnetization was recorded at T = 300 K and T = 2 K
in a range of µ0H = 0 − 7 T, while the temperature
dependence of the magnetization was recorded in
zero-field cooled mode at µ0H = 20 mT in a range of
T = 0.5 − 300 K. In the low temperature range of
T = 0.5−2 K, also the field-cooled mode was employed
and χ(T ) measured at µ0H = 0.02− 5 T. A commercial
Helium-3 insert was used for measurements below 2 K.
Electron spin resonance (ESR) measurements were
conducted using a Bruker EMX X-band spectrometer,
which operates at a microwave frequency of 9.6 GHz in
magnetic fields up to 0.9 T, within a temperature range
of T = 4 − 295 K. For the ESR experiments at higher
frequencies and fields, a vector network analyzer from
Keysight Technologies (PNA-X) together with exten-
sions from Virginia Diodes were employed, covering a
frequency range of 70 − 330 GHz. In order to generate
high magnetic fields up to 16 T at various sample tem-
peratures, a cryomagnet from Oxford Instruments was
utilized. Temperature dependent spectra were recorded
at temperatures in a range of T = 3 − 40 K. Before
mounting the sample into the high-field ESR setup, the
powder was diluted with epoxy to prevent residual inter-
actions of the powder particles as well as an orientation
of the powder particles along a preferred axis, in con-
trast to the magnetization measurements, where a loose
powder sample was used. To carry out measurements in
a broad frequency range, an oversized waveguide with-
out a resonating cavity is used in the high-field ESR
experiments. Possible distortions of the ESR lines due
to the complex impedance of the quasi-optical path of
the setup can be minimized by the vector network ana-
lyzer which measures both the amplitude and the phase
of the transmitted signal, as well as by accounting for
both absorptive and dispersive components in the anal-
ysis of the ESR lineshapes [8, 9].
III. EXPERIMENTAL RESULTS
A. Magnetization and Susceptibility
In Fig. 2, the results of the magnetization M(H) and
the susceptibility χ(T ) measurements are shown. The
magnetization curve measured at T = 2 K as well as its
derivative [see Fig. 2(a)] exhibit a continuous, mono-
tonic behavior with no signs of a phase transition, in
close agreement with the earlier data in Ref. [2]. At the
highest applicable field of µ0H = 7 T, the moment per
Gd3+ ion amounts to µ ≈ 6.6µB, which is about 94%
of the theoretical saturation moment µsat = gSµB =
7.0µB for a g-factor of 2.0, S = 7/2, and Bohr mag-
4Figure 3: Zero field cooled (ZFC, red squares) vs. field
cooled (FC, blue circles) susceptibility at low
temperatures measured at a field µ0H = 20 mT.
neton µB. The M(H) curve follows a linear behavior
up to approximately µ0H = 3 T, until saturation effects
set in. This is in stark contrast to an M(H) depen-
dence of non-interacting paramagnetic ions with a large
spin value S = 7/2, which saturates much faster at such
a low temperature, indicating a significant influence of
antiferromagnetic interactions at 2 K (see Sec. IV A and
Sec. VII B for a model and details).
In Fig. 2(b) the temperature dependent susceptibility
χ(T ) and its inverse 1/χ(T ) at a field of µ0H = 20 mT
are shown. A Curie Weiss fit from 70 − 300 K yields
an effective magnetic moment of µeff = 7.8µB and a
Weiss temperature of θW = −6 ± 1 K, which agrees
well with the literature data [2] and is consistent with
an effective moment of free Gd3+ ions (8S7/2 term),
µeff = 7.94µB . A magnetic phase transition at a tem-
perature of TN = 1.7 K is discernible by a broad maxi-
mum in the susceptibility in agreement with the ac sus-
ceptibility and specific heat data in Ref. [2]. This value
lies between |θW | (transition temperature expected for
an unfrustrated 3D magnet) and 0 K (i.e. no transition,
expected for an unfrustrated isotropic 2D magnet).
Besides the phase transition one finds a characteristic
temperature region around a loosely defined tempera-
ture Ta ≈ 15 ± 5 K, where the susceptibility starts to
deviate gradually from the paramagnetic Curie-Weiss
law, as can be seen in the 1/χ and derivative plots in
Fig. 2(b). Such a deviation typically indicates the en-
try of a correlated regime at temperatures . 15 K (see
Sec. IV A for a further discussion).
Interestingly, below TN the χ(T ) measured in the
field cooled (FC) and zero field cooled (ZFC) modes at
µ0H = 20 mT deviate from each other, with a stronger
decrease in the ZFC curve (Fig. 3). Furthermore, a
sharp peak on top of the broad maximum is visible at
this scale and the splitting between ZFC and FC mag-
netization ends up at the summit of this peak. The
sharp peak becomes less prominent at higher magnetic
fields and vanishes at µ0H ≥ 0.1 T (Fig. 4). With re-
gard to the previously proposed ground state [2], these
are somewhat surprising features which give rise to sev-
eral tentative scenarios of magnetic order, discussed in
Sec. IV B.
Figure 4: Temperature dependence of the static sus-
ceptibility χ(T ) in the low-T range at different applied
magnetic fields. The curves are shifted with respect
to each other in order to improve visibility. The grey
dashed line marks the position of the broad maximum
(named Tmax in the text) of the χ(T ) curves. The arrow
shows the sharp peak on top of the broad maximum.
B. High-field ESR
Typical high-field ESR spectra for
Mg2Gd3Sb3O14 are shown in Fig. 5 for selected
frequencies and temperatures.
At high T , the spectrum consists of a single Gaussian-
shaped line. A shoulder at the high-field side of the
signal begins to develop below ∼ 30 K [Fig. 5(a)].
The main resonance peak Hres shifts by an amount of
≈ −0.16 T at ν = 222 GHz and T = 3 K with respect
to its position at T = 40 K (≈ 8 T) whereas the shoul-
der shifts by ≈ +0.5 T to the high-field side. Note that
this change of the spectral shape is continuous, showing
no signs of a magnetic phase transition, which, accord-
ing to the susceptibility data, takes place at a much
smaller temperature and only at fields smaller than
∼ 4 T (Sect. III A). The frequency dependence of the
ESR spectrum shows that the shoulder on the right side
of the main peak can be clearly discerned at frequencies
≥ 80 GHz [Fig. 5(b)]. In the inset to Fig. 5(b) the fre-
quency dependence of the main peak position ν(Hres) at
T = 3 K, which was determined by picking the minima
of the spectra, is plotted together with a linear fit ac-
5Figure 5: (a) Temperature dependence of the ESR spectrum of Mg2Gd3Sb3O14 at ν = 222 GHz. The vertical
dashed line indicates the high-temperature resonance field. Note the development of the shoulder at the high-field
side of the spectrum with lowering T . The grey dashed lines show the temperature trend of the main peak and
the shoulder; (b) Frequency dependence of the ESR spectrum at T = 3 K. The arrows indicate the shoulder in the
spectra. Inset: Symbols denote the microwave frequency ν vs. the position of the main peak Hres. The solid line
shows the fit of the data to the resonance condition hν= gµBHres yielding the g-factor g= 1.987.
cording to the resonance condition hν= gµBHres. The
fit yields the g-factor g = 1.987, which matches with
the free-ion value for Gd3+, as expected [10]. This value
is validated by a fit at T = 40 K, i.e. in the purely para-
magnetic regime, which gives g = 1.983 (see Fig. 15(b)
in the Appendix). The linear ν vs. Hres relationship
shown in the inset to Fig. 5(b) suggests a gapless na-
ture of the ESR excitation. Indeed, ESR measurements
at a small X-band microwave frequency of ν = 9.6 GHz
(see Appendix VII E) evidence that the excitation gap
at T = 4 K, if present at all, should be less than
ν = 10 GHz, corresponding to a field of µBH = 0.34 T
with a g-factor of 2. The most remarkable observation
in the presented high-field ESR experiments is the oc-
currence of the shoulder feature in the ESR spectrum
of Mg2Gd3Sb3O14 continuously developing over a broad
temperature range below 30 K. The possible reasons for
such a peculiar evolution of the ESR spectrum and its
relation to the physics of Mg2Gd3Sb3O14 will be dis-
cussed in detail in the subsequent Sect. IV C.
IV. DATA ANALYSIS AND DISCUSSION
A. Magnetization M(H)
The experimental M(H) curve shown in Fig. 2(a) dif-
fers significantly from a Brillouin function BJ(H,T ) for
a free Gd3+ ion at T = 2 K plotted on the same fig-
ure. Such a deviation of the experimental dependence
from the behavior expected for free ions is usually an in-
dication of significant magnetic interactions of dipolar
and possibly of exchange nature which generate effective
internal fields in the material. The following analysis
along this scenario is aimed to estimate the strength of
these interactions in Mg2Gd3Sb3O14 responsible for the
shape of the magnetization curve.
In our approach we include dipolar and exchange in-
teractions by converting them into effective fields acting
on the spin sites. The effective total field ~Htot in the
Brillouin function then reads ~Htot = ~Hext + ~HDD + ~HJ
with the external, dipolar and exchange fields, respec-
tively.
The effective (static) dipolar and exchange fields arise
from average polarization moments of the spins in an
6external magnetic field and are as such proportional to
the magnetization and thus dependent on the external
field and the temperature. The analysis shows that the
effect of the exchange interaction is substantial for the
reproduction of the experimental M(H) curves (see Ap-
pendix, Sect. VII B, for details). The mean exchange
field takes the form ~HJ=aexnNNM~b, with aex the ex-
change parameter, nNN the number of nearest neighbors
for each ion site, M the magnetization and ~b the unit
vector in the direction of the external field. The result-
ing modelled magnetization curve with the optimized
exchange parameter aex = -0.11 T is shown in Fig. 2(a).
From this model, the dipolar field strength for a
powder averaged polarization of the spins can be cal-
culated and compared to the internal field strength
according to the internal field model for the ESR
data (see Sect. III B). The dipolar field amounts
to µ0HDD = 0.67 T (or in terms of dipolar energy,
EDD = 3.15 K) for T = 3 K and µ0H = 8 T, the resonance
field at ν=222 GHz. There is a discrepancy between
this value and the dipolar energy value found from ESR
measurements (2.35 K), which is discussed in the end of
Sect. III B.
Translating the value of the exchange field aex into an
isotropic exchange constant J for an interaction of the
form J ~Si~Sj gives J ≈ 0.3 K (AFM interaction) and an
exchange interaction energy for two spins of ex ≈ 3.5 K
(see Appendix, Sect. VII B for further explanation). In
a kagome system, each spin has four nearest neighbors,
so the total exchange interaction energy on one spin
site is of the order Eex =nNNex = 14 K. This is much
larger than the dipolar interaction energy. Additional
M(H)-plots demonstrating a very good agreement be-
tween experimental and model data at different tem-
peratures both below and above the phase transition
are shown in Appendix VII B (Fig. 10). Those results
show that the model provides a consistent explanation
of the experimental M(H) dependence in a large tem-
perature range of at least T = 0.5 − 30 K, and that
a mean field description of the M(H) curves with the
above estimated T -independent exchange parameter aex
is adequate even at very low temperatures and even in
the ordered phase.
B. Susceptibility χ(T )
The susceptibility curve depicted in Fig. 2(b) shows
several characteristic features, which are discussed in
this section. First of all, TN = 1.7 K is only ap-
proximately 1/4 of the Curie-Weiss temperature |θCW|.
This rather small value of TN may indicate both a
pronounced magnetic low-dimensionality of the well-
separated Kagome layers and the resulting 2D physics,
and inherent geometrical frustration of the Gd3+ spin
network. Interestingly, with the value of the isotropic
exchange constant J ≈ 0.3 K estimated in the previous
Sect. IV A one obtains a standard mean-field estimate
of θCW as |θCW| = nNNJS(S+ 1)/3 ≈ 6 K. Such a close
agreement with experiment further supports the valid-
ity of the mean-field model for the description of the
static magnetism of Mg2Gd3Sb3O14.
Secondly, the χ(T ) curve starts deviating gradu-
ally from the high-temperature Curie-Weiss dependence
around a temperature of Ta ≈ 15±5 K [Fig. 2(b), inset].
Such a deviation is typically attributed to an onset of
spin-spin correlations by approaching a magnetic phase
transition, or a change in a temperature dependent ef-
fective magnetic moment. The latter can be excluded
as an explanation for the susceptibility behavior, since
the thermal depopulation of the fine structure-split spin
levels of the Gd3+ ion, which could possibly reduce the
magnetic moment, occurs at a much lower temperature
(see Sect. IV C) and the g-factor is temperature indepen-
dent. Ta turns out to be of the same order as JS
2nNN ≈
14 K. Up to this point, these findings suggest that this
system with an effective S = 7/2 can be viewed as a
classical 3D Heisenberg paramagnet above a character-
istic temperature Ta ≥ 15 K, as far as static properties
are concerned, but gradually enters a correlated regime
at smaller temperature.
Thirdly, the FC curve differs from the ZFC below
TN, with a stronger decrease in the ZFC curve (Fig. 3).
Previous specific heat measurements suggest a long-
range ordered ground state, and previous ac susceptibil-
ity measurements have shown no frequency dependence,
excluding the possibility of a glassy state [2]. However,
the 120◦ phase with all spins lying in the ab-plane as
the proposed long-range magnetic order in Ref. [2] is
not expected to give a splitting between ZFC and FC
magnetization. Instead, one possibility could be a slight
canting of the spins towards the c-axis resulting in a
small ferromagnetic component. There are two possible
canting directions along the c-axis, one of which would
then get selected in FC mode, yielding a higher magne-
tization. Alternatively, a collinear AFM structure with
moments pointing in the kagome plane may appear. In
such a collinear AFM structure there would be three
possible moment directions according to the rhombohe-
dral symmetry of the lattice. Again, in FC mode the
moment direction in each powder particle would be se-
lected by the external magnetic field among the three
possibilities, leading to a higher magnetization.
Finally, the low-temperature behavior of the suscep-
tibility suggests a more complex phase transition. The
occurrence of the sharp peak itself is not expected for
a transition to an AFM ordered state of an ensemble
of Heisenberg spins, but might be a peculiarity of a
2D-Ising-like transition proposed for Mg2Gd3Sb3O14 in
Ref. [2]. Its observation hints at another possible energy
contribution in addition to the dipolar and isotropic ex-
7change interactions considered here. A measurement
of the susceptibility in the vicinity of the phase tran-
sition at different applied magnetic fields reveals that
this sharp peak is absent for µ0H ≥ 0.1 T, and only
the broad maximum Tmax (where dχ(T )/dT = 0) re-
mains (Fig. 4). The latter shifts towards lower temper-
atures at higher fields, starting from Tmax = 1.72 K at
µ0H = 0.02 T, then moving to 1.64 K and 1 K at 1 T
and 3 T, respectively. Interestingly, a similar behavior
(a peak structure on top of a broad transition) was ob-
served in the compound Ba3CoNb2O9 [11], possessing
a layered triangular lattice of Co2+ ions. This can be
contrasted to Ba8CoNb6O24, where the magnetic lay-
ers are very far apart and only a broad transition is
left [12]. However, in those cases, the transitions are
similarly reflected in the magnetic specific heat, whereas
in Mg2Gd3Sb3O14, only the sharp transition could be
observed [2].
C. Electron Spin Resonance
The remarkable development of the asymmetry of the
high-field ESR signal of Mg2Gd3Sb3O14 at low temper-
atures (Fig. 5) deserves a careful analysis with regard
to the origin of this peculiar lineshape.
The trivial reason for such kind of asymmetry aris-
ing from the powder averaging of an ESR signal with
an anisotropic g-factor [13] can be safely excluded since
the g-factor of the spin-only Gd3+ ion is practically
isotropic. Moreover, this kind of anisotropy would re-
sult in a temperature independent effect as the spectro-
scopic g-tensor usually does not depend on temperature.
Therefore, on needs to identify a relevant, temperature
dependent anisotropic mechanism which could consis-
tently explain the experimental observations.
Essentially, one can find out three major effects from
which a significant contribution is conceivable:
(i) Due to a large magnetization of the gadolinium ions
at high fields (µ0H = 8 T) and low temperatures, de-
magnetization effects may play a role. Depending on
the shape of the powder particles, they may have an
anisotropic contribution.
(ii) There may be a non-negligible influence of the crys-
tal field acting on the Gd3+ ions and leading to a sig-
nificant single-ion anisotropy with strength D.
(iii) Due to a slowing of the spin dynamics at low tem-
peratures, static local dipolar fields start to develop.
This is related to the magnetization of the material and
similar in nature to the demagnetization. This effect
would signify enhanced correlations and thus be a clue
to a possible frustration in the system.
In the following, these three scenarios will be dis-
cussed in detail.
1. Demagnetization effects
In order to treat possible demagnetization effects, the
resonance condition hν = gµBH should be extended in
such a way that H includes both the externally applied
magnetic field H0 and demagnetizing fields NiMi, with i
= x,y,z and respective demagnetizing factors
∑
iNi = 1.
In SI units, Heff,i = H0,i −NiMi [14, 15]. In the case of
Ni = 1/3 for all i, i.e., the case of a spherical particle,
the effect is simply a shift of the ESR line towards higher
H0. Asymmetric powder-averaged lineshapes can be re-
produced only when the geometry of the particles lead
to a strong anisotropy of the demagnetization contribu-
tions with a significant difference between the Ni. The
results are shown in Fig. 12 in the Appendix, Sec. VII C.
In this case, Lorentzian lines were used as the basic line-
shape, since they cover the wings of the signal better and
yield similar results like the Gaussian shape in the cen-
ter in this model. In general, with the experimentally
determined values of the magnetization (Fig. 2), the de-
magnetization effect is not strong enough to reproduce
the extent of the line asymmetry at low temperatures
[Fig. 12(a,b)], even for the extreme case of Nz = 1, i.e.,
the case of infinitely thin plate-like particles. The high-
field shoulder gets significantly weaker [Fig. 12(c)] if one
takes into account the observed aspect ratio of the pow-
der particles in the studied samples of Mg2Gd3Sb3O14
(thickness) : (lateral dimensions) of at least 0.1 or even
larger, which corresponds to the demagnetization fac-
tors Nz = 0.8 and Nx = Ny = 0.1 [16].
For completeness, one can also consider a demag-
netization model for a ferromagnetically (FM) ordered
phase where the demagnetizing fields enter in the res-
onance condition somewhat differently [17]: (hν)2 =
(gµB)
2[H0 + (Ny −Nz)M ][H0 + (Nx −Nz)M ]. A com-
parison of the modeled lineshape, assuming Nz = 1,
and the experimental signal at a temperature of 3 K is
shown in Fig. 12(a). Indeed, the effect is strong enough
to reproduce roughly the observed lineshape. However,
for higher temperatures an assumption of the FM state
is not realistic anymore, rendering the FM demagne-
tization model inapplicable for the description of the
experimental ESR spectra which feature a pronounced
asymmetry up to T ∼ 30 K. Moreover, taking into ac-
count the real shape of the powder particles, as pointed
out above, the demagnetization effects are already much
weakened also in the FM model, ruling out any observ-
able effects of the magnetization on the lineshape at
least above ≈ 10 K.
2. Single-ion anisotropy of the Gd3+ ion
The single-ion anisotropy arises due to the splitting
of the ground-state spin multiplet of a paramagnetic ion
8with S > 1/2 by the crystal field. In the simplest case of
an uniaxial symmetry the respective Hamiltonian reads
HˆCF = DS2z , where the constant D parameterizes the
strength of the single-ion anisotropy. The eight-fold de-
generate spin multiplet of the Gd3+ (S = 7/2, L = 0)
would be then split into four doublets. Such a splitting
gives rise to a fine-structure of the Gd3+ ESR signal with
seven lines extending over the field range 12DkB/gµB
[10]. Note that, although in the case of Gd3+ ions,
the single-ion anisotropy is a second-order effect, an
anisotropy arising from the crystal field in Gd3+ may ac-
tually be quite sizeable in some cases, as, e.g., was shown
in Ref. [18]. There, the ESR spectrum of non-interacting
Gd3+ ions diluted in the (Y1−xGdx)2Ti2O7 crystal with
the pyrochlore structure demonstrates the splitting of
spectral components of about 2 T, which corresponds to
|D| ≈ 0.25 K. The isotropic exchange interaction may
narrow the fine-structure split ESR spectrum into a sin-
gle Lorentzian-shaped line. As argued in Ref. [19], such
a mechanism, known as the exchange narrowing effect
[20, 21], is responsible for the narrowing of the ESR sig-
nal into a Lorentzian line at high temperatures in the
respective concentrated compound Gd2Ti2O7. The ex-
change narrowing ceases at low temperatures due to the
increase of the short-range spin correlations and redis-
tribution of spin level populations, yielding a broaden-
ing and a shift of the ESR signal of a single crystal of
Gd2Ti2O7 [19]. In the case of the polycrystalline sam-
ple of Mg2Gd3Sb3O14, the powder averaging effect of
this broadening and shift may, in principle, give rise
to the observed asymmetric transformation of the ESR
lineshape (Fig. 5).
However, some important observations contradict this
scenario. At temperatures T ≥ 30 K, i.e., in the purely
paramagnetic regime, the central part of the ESR sig-
nal of Mg2Gd3Sb3O14 is a symmetric Gaussian-shaped
line [Fig. 5(a)]. This is in conflict with the exchange nar-
rowing mechanism which yields a purely Lorentzian line-
shape [20, 21]. Also, one can straightforwardly calculate
the second moment of the Gaussian line [22] taking the
Gd–Gd distances from the crystal structure which yields
the dipolar contribution to the linewidth of ∼ 0.25 T.
This corresponds well with the width of the measured
high-temperature ESR signal of Mg2Gd3Sb3O14 sug-
gesting that the extent of the possible fine structure
should be significantly smaller than the dipolar width.
If to assume that the broadening of the low-T
ESR signal of Mg2Gd3Sb3O14 of about δH ∼ 1 T
at high fields (Fig. 5) were entirely due to the fine-
structure splitting of the ESR spectrum extending over
12DkB/gµB, then with δH ∼ 12DkB/gµB ∼ 1 T one
obtains D ≈ 0.11 K. The estimate of the exchange con-
stant from the analysis of the magnetization, J = 0.3 K
(corresponding to 0.22 T in field units) implies that the
exchange interaction is too small to be able to narrow
this low-T signal into a single line at high temperatures,
as, for that, J  D (i.e., J ∼ 12D ≈ 1.3 K) would be
required [21]. This makes exchange narrowing effects
as the cause of the temperature dependence of the line-
shape unlikely.
Finally, in order to investigate spin-level population
effects [19] on the ESR spectrum of Mg2Gd3Sb3O14, a
numerical analysis of the ESR lineshape according to
a model with a uniaxial single-ion anisotropy [10] was
performed. Only via an unphysically large variation of
|D| between 0.06 K to 0.105 K good fittings could be
achieved over a temperature range of 3− 30 K.
3. Spin-spin correlation effects
Having discussed the possible effects of demagnetiz-
ing fields and of the single-ion anisotropy in the above
Sects. IV C 1 and IV C 2, respectively, we finally con-
sider spin-spin correlations originating from the dipolar
interaction, which, as we will show, may contribute sub-
stantially to the shape of the ESR powder spectra. The
Gaussian lineshape of the single ESR lines of the indi-
vidual powder particles even in the paramagnetic regime
at high temperatures hints at a random distribution of
local internal fields [10]. In fact, the expected linewidth
of ∼ 0.25 T for a Gaussian lineshape at high tempera-
tures for the dipolar estimate mentioned in Sect. IV C 2
is in line with the experimental results. It seems that the
dipolar interaction has a twofold effect: On one hand,
due to the randomness of the local fields, the single lines
in the powder spectrum are inhomogeneously broad-
ened, such that they have Gaussian lineshape. On the
other hand, the dipoles are directed preferentially along
the magnetic field, so that short-range correlations at
low temperatures are strong enough to cause a signifi-
cant internal field, whose strength depends on the direc-
tion of the externally applied field, leading to the shoul-
der in the spectrum. Such a feature can be described
by growing spatial short-range correlations < Sαi S
β
j >
between the Gd3+ spins. Here < · · · > is the thermal
average and α, β = x, y, z are spin component indices
for sites i and j separated by small distances (within
the first 5-10 coordination spheres). Such correlations
would result in an effective local internal field contribut-
ing to the external field in the resonance condition
gµB(|| ~Hint + ~Hext||) = hν, (1)
resulting in a total field
Htot = (H
2
int +H
2
ext − 2HintHext cosθ)1/2. (2)
with Hint||z without loss of generality (see Appendix,
Sect. VII C, for details).
With this approach the ESR lineshapes at vari-
ous temperatures and frequencies were fitted via a
9Figure 6: Exemplary fitting plots of selected ESR spectra for the internal field model (red lines) in comparison
with the experimental data (black symbols) for ν = 109 GHz at T = 3 K and ν = 222 GHz at T = 5 and 40 K. For
details see text.
Metropolis-like algorithm (basin hopping method). As
additional parameters potentially influencing the line-
shape, a possible mixing of the absorption and disper-
sion parts of the signal and a possible texture of the
powder particles in the samples were taken into account
(see Appendix, Sect. VII C, for details). In our model, a
static internal field ~Hint was taken as a phenomenologi-
cal parameter to generate the anisotropy of the system
in the fitting procedure. This internal field is added to
the externally applied field ~Hext in order to produce the
effective field strengthH = || ~Hext+ ~Hint|| at the gadolin-
ium ion sites [Eq. (2)]. ~Hint is the same in all powder
particles, i.e. has the same magnitude in all particles
and is fixed in its direction with respect to the crystal
axes. A possible dependence of the internal field on the
direction of ~Hext, which would be a major complication
of the model, was neglected. This may lead to some
discrepancies, as discussed later in this section. Both
Gaussian and Lorentzian shaped spectra of individual
powder particles assuming their single-crystalline form
were considered. The polycrystalline form of the sam-
ple further necessitates an average over all orientations
of the external field with respect to the single powder
particles. Including an additional texture parameter s
accounting for a possible texture of the powder particles
results in the total spectral intensity
Stot(Hext) =
s
2
∫ pi
0
S(θ,Hext)dθ + (1− s)S(θ = 0, Hext)
(3)
with θ being the angle between internal and external
field and S the partial spectral intensity, i.e. the ESR
signal for one orientation of an individual particle. The
fitting routine yields the linewidth ∆H, the strength of
the internal field Hint and the g-factor g, all depending
on frequency as well as temperature. Note that ∆H
refers to the linewidth of a single resonance line for one
single-crystalline particle within the powder, in contrast
to the total width of the complete powder spectrum.
Qualitatively, the dipolar field strength calculated
from a mean field approach of the magnetization (a
Brillouin function with dipolar and exchange fields in-
cluded) agrees well with the values of the internal field
from the fitting procedure of the ESR powder spectra
(see Fig. 7). Quantitatively, there is a reduction factor
r of approximately r ≈ 0.7 between calculated dipolar
field and the field Hint resulting from the fits of the ESR
lineshape both in the dependence of Hint on Hext and
on T . Such a discrepancy can be tentatively attributed
to the simplifications of the models: On one hand, in
the correlated regime the energy levels may differ sig-
nificantly from those of the respective free ions, which
might affect the functional relationship between mag-
netization and applied field besides a simple internal
field included into the Brillouin function. On the other
hand, an average internal polarization field independent
of spin position and direction of the external field is a
major simplification for a dipolar field model (see Ap-
pendix, Sect. VII C for a detailed explanation). Also,
there might be additional terms in the Hamiltonian not
considered here, as already mentioned in the discussion
of Fig. 3.
The fitting parameters depend on the field range used
for the fitting. While the g-factor around the spin-
only value of 2 is robust over different fitting ranges,
both the linewidth and internal field can vary to some
extent. Nevertheless, clear trends in the dependence
of these parameters on field and temperature are dis-
cernible and quantitative estimations are possible. The
dependence of the internal field Hint obtained from the
fits as a function of the external field Hext and temper-
ature is shown in Fig. 7. Hint increases continuously
below T ∼ 30 K suggesting that the spin-spin correla-
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Figure 7: Squares: Internal field Hint obtained from the fits of the experimental ESR spectra as a function of
temperature (a) and of the external field Hext (b). Solid lines are respective dependences of the calculated powder
averaged dipolar field and dashed lines are the same dependences scaled by a reduction factor r ≈ 0.7 to match
the fit data (see the text for details).
tions strengthen and gradually overcome the disordering
effect of temperature [Fig. 7(a)]. At a fixed temperature
in this low-T regime, Hint increases first with increasing
Hext up to a few Tesla and then saturates [Fig. 7(b)].
Interestingly, it follows from the fits of the ESR line-
shape that also the width ∆H of the ESR line of indi-
vidual single-crystalline particles significantly increases
below T ∼ 30 K (Fig. 8). Typically such a broaden-
ing signifies critical behavior of the spin system due to
the slowing down of the spin dynamics by approach-
ing a magnetic phase transition at a critical tempera-
ture Tc [23, 24]. Since low-dimensionality inhibits mag-
netic order such a critical behavior sets in at tempera-
tures significantly higher than Tc. As at fields above
3 T no signatures of the magnetic order can be ob-
served down to 0.5 K, the onset of the line broadening
at T ∼ 30 K reveals a very broad temperature range of
the slow spin dynamics in Mg2Gd3Sb3O14. On the very
short timescale of an ESR experiment the spin-spin cor-
relations manifest in the broadening and in a gradual
change of the lineshape at temperatures higher that in
the static magnetic characteristics, where they are seen
first at T < Ta ∼ 15 K. This state with short-range dy-
namic correlations may possibly be considered as some
kind of spin liquid characterized by slow fluctuations of
Gd3+ spins arising due to the spin frustration. In this
respect the ESR results may indicate Mg2Gd3Sb3O14 to
be a rare realization of an almost ideal two-dimensional
frustrated Heisenberg antiferromagnet on the kagome
lattice.
Criticality of the linewidth means that it follows a
power law of the form
∆H = A(T − TN)p + ∆H0 (4)
where p is a semi-empirical parameter [23, 25]. Al-
though the magnetic phase transition is suppressed by
the external field in the available temperature range, a
tentative fit could be carried out for the case TN → 0 K,
for which p= -0.36 and the non-critical part of the
linewidth µ0∆H0 = 0.08 T were obtained, for the spec-
tra at ν= 222 GHz (see Appendix, Sect. VII D for de-
tails). The result is shown in Fig. 8. This value of p
is extraordinarily small in comparison to conventional
Heisenberg or Ising magnets [23] with usual values of
|p| ≥ 1.0. However, it is comparable to the critical ex-
ponent p = −0.2 found in [25] for the Ba3NbFe3Si2O14
antiferromagnet with an S = 5/2 Heisenberg 2D trian-
gular lattice, where the smallness of |p| is attributed to
both a large spin quantum number S and geometrical
frustration. This system is similar to the present case
of Mg2Gd3Sb3O14 (S= 7/2) with magnetic ions sitting
on a kagome lattice.
V. CONCLUSIONS
In summary, we have studied the magnetic properties
of powder samples of the tripod-kagome antiferromag-
net Mg2Gd3Sb3O14 by static magnetization and high-
field ESR measurements. We observed a splitting be-
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Figure 8: Squares: Linewidth of the ESR data fit for a
single powder particle. Solid line: Power law fit. The
data was recorded at a frequency of ν= 222 GHz with
the main peak at ≈ 8 T.
tween ZFC and FC magnetization in the magnetically
ordered state below T = 1.6 K, which gives some con-
straints on the possible nature of the long range mag-
netic order in Mg2Gd3Sb3O14. Neutron diffraction ex-
periments may help to elucidate the nature of this mag-
netic order and the specific spin structure. We found
that this AFM order is very fragile and can be sup-
pressed down to temperatures ¡ 0.5 K by the application
of magnetic fields larger than 3 T, however leaving the
system in a highly correlated state above TN. The anal-
ysis of the static magnetic data has enabled to estimate
the strength of the isotropic AFM exchange interaction
between the Gd3+ spins S = 7/2 of about |J | ≈ 0.3 K
(or exchange energy Eex ≈ 14 K, considering all nearest
neighbors).
Importantly, our results show that at low tempera-
tures, the understanding of the specific shape of the
high-field ESR powder spectra of Mg2Gd3Sb3O14 re-
quires a rather complex analysis, since different effects
may become relevant. In this regard, we came to the
conclusion that, although at low temperatures T < 10 K
the ESR lineshape may be in part influenced by demag-
netization effects due to the large magnetization of the
sample, the dipolar interaction is likely to play the ma-
jor role. As it follows from our analysis, it gives rise
to an anisotropic internal field gradually growing with
decreasing T ≤ 30 K and manifesting itself in the spe-
cific shape of the high-field ESR spectra. Further-
more, the growth of the spin-spin correlations is re-
flected in a critical broadening of the ESR linewidth
of a single particle suggesting the occurrence of an ex-
tended temperature regime of Mg2Gd3Sb3O14 below
30 K with pronounced low-energy spin fluctuations far
above a tentative ordering temperature. In any case,
the fact that the onset of the asymmetric lineshape
and line broadening are observed at such elevated tem-
peratures suggests significant geometrical frustration of
magnetic interactions in the two-dimensional kagome
spin lattice of Mg2Gd3Sb3O14. Thus, Mg2Gd3Sb3O14
can be considered as an almost ideal realization of the
two-dimensional network of isotropic Heisenberg spins
S = 7/2 on a strongly frustrated kagome lattice featur-
ing at low temperatures a quasicritical spin-liquid-like
behavior in finite magnetic fields.
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VII. APPENDIX
A. Analysis of the tripod kagome (TK) structure
The structural formula of the TK compounds with
a pyrochlore related structure can be written as
AA’3BB’3O14, in which A and A’ are 8-fold and
B and B’ are 6-fold coordinated (see Fig. 1). In
Mg2Gd3Sb3O14, the sites A and B are fully occupied
by Mg, while A’ is fully occupied by Gd and B’ by
Sb. The ordering of the cations is driven by the ionic
radius difference between the Mg2+ and Gd3+, which
is larger than in the structurally similar compound
Ca2La3Sb3O14. Therefore, in the Mg-based structure,
the cationic sites are fully ordered, in contrast to the sit-
uation of the Ca-based material, Ca2La3Sb3O14, where
the disorder between Ca2+ and La3+ ions was consider-
able because of their similar ionic radii [26].
The powder XRD data were analyzed with the Ri-
etveld method using the FULLPROF in the WinPlotR
program package [27, 28]. The peak shape was assumed
to be a pseudo-Voigt function and the refinement in-
cluded the following aspects: (i) the background, which
was fitted using linear interpolation between 28 selected
points; (ii) the scale factors; (iii) the global instru-
mental parameters (zero-point 2θ shift and systematic
shifts, depending on transparency and off-centering of
the sample); (iv) the lattice parameters, asymmetries
and the overall temperature factor; (v) the profile pa-
rameters (Caglioti half-width parameters of the pseudo-
Voigt function). The texture correction was included us-
ing the March-Dollase function. The structure param-
eters are listed in Table I. The positions of the atoms
within a unit cell are in a good agreement with the val-
ues which have been previously reported [2, 3, 7].
B. Details of the analysis of the M(H) dependence
The field dependence of the magnetization of
Mg2Gd3Sb3O14 shown in Fig. 2(a) was analyzed
by finding the root of the function f(M) =M −
gJBJ(|| ~Htot(M)||, T ) iteratively with Brent’s method.
Here, ~Htot = ~Hext + ~HDD + ~HJ is the effective total
field in the Brillouin function comprising the external,
dipolar and exchange fields, respectively, and M is the
average magnetization per ion in units of µB. For Gd
3+
ions, J = S = 7/2, and as an initial guess for M ,
gJBJ(|| ~Hext(M)||, T ) was taken. As a first step, only
the dipolar interaction was included to estimate its ef-
fect on M(H). With the static bulk magnetization,
averages of the form < Si > or <
∑
i Si > etc. are
probed, i.e., all spin fluctuations can be considered to
be averaged out. Thus, assuming ~M to be collinear to
the external field, only the emergent polarization mo-
Figure 9: Calculated (black line) and observed (red
dots) XRD patterns and the difference thereof (green
line) of the Rietveld refinement for Mg2Gd3Sb3O14(λ
= 1.5460 A˚, Bragg R-factor: 5.61 %; Rf-factor =
7.17 %; Bragg R-factor = Σ|Ik−obs − Ik−calc|/Σ|Ik−obs|;
Rf-factor = [(N − P )/Σwiy2i−obs]1/2). The blue lines
indicate the Bragg reflections. The inset shows an
optical image of a typical white polycrystalline sample
of Mg2Gd3Sb3O14.
ment ~µpol =M
ion~b along the external field direction ~b
and with M ion~b the magnetization per ion, contributes
to the dipolar field ~HDD in this model. For a sample
which is fully spin polarized, the powder average of the
dipolar field strength is || ~HDD|| ≈ 0.7 T. The result is
shown in Fig. 11. Clearly, the dipolar interaction, while
it does affect the magnetization curve visibly, is not suf-
ficient to explain the strong deviation of the experimen-
tal M(H) curve from the Brillouin function.
As a next step, the exchange interaction was included
in a similar way as the dipolar interaction. The mean
exchange field was taken to be ~HJ = aexnNNMi~b with
aex an exchange parameter, nNN the number of nearest
neighbors for each ion site, Mi the magnetization of the
ith iteration step and ~b the unit vector in the direction
of the external field. This is a valid approach in the case
of an isotropic exchange interaction, which is expected
for the ensemble of Gd3+ isotropic spins with no con-
tribution from the orbital momentum (L= 0). In order
to translate this value into an exchange constant J , the
exchange part of the Hamiltonian HjJ for spin site j has
to be introduced:
HjJ = J
nNN∑
i=1
~Si~Sj =
J
g2µ2B
nNN∑
i=1
~µi~µj = − ~HJ~µj (5)
Note the minus sign here: While, for example, J must
be negative for an FM interaction between ~Sj and its
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Table I: Structure parameters of Mg2Gd3Sb3O14.
Label Wyckoff
position
x y z Occupancy Biso (A˚)
Mg(1) 3a (A) 0 0 0 1 0.012(8)
Mg(2) 3b (B) 0 0 0.5 1 0.019(5)
Gd 9e (A’) 0.5 0 0.5 1 0.018(9)
Sb 9d (B’) 0.5 0 0 1 0.007(2)
O(1) 6c 0 0 0.3888(2) 1 0.017(4)
O(2) 18h 0.5271(9) 0.4729(9) 0.8879(7) 1 0.057(8)
O(3) 18h 0.4652(8) 0.5348(8) 0.3529(6) 1 0.065(5)
Figure 10: M(H) at different temperatures with the
exchange parameter aex kept fixed. Red squares
represent experimental data, blue dots are the model
data.
surrounding spins, such that the energy gets minimized
for parallel ~Sj and ~Si, the exchange field must be par-
allel to ~µj in the case of parallel moments in order to
guarantee a (classical) potential energy minimum. The
average values are then
< ~HJ >=
J
g2µ2B
nNN∑
i=1
< ~µi >=
nNNJ
g2µB
~M ion
µB
(6)
Using < ~HJ >= aex~b and carrying out the fit with
~M ion/µB, it follows J = g
2µBaex.
Figure 11: Simulated field dependence of the
magnetization with only dipolar interactions in
x, y, z-directions together with the experimental M(H)
curve and the Brillouin function of non-interacting
spins S = 7/2, at T = 2 K.
C. Details of the analysis of the ESR spectral
shape
Effect of the demagnetizing fields. The results for the
analysis of the influence of the demagnetizing fields on
the lineshape of the ESR spectra are shown in Fig. 12.
For details, see the main text.
Mixing of absorption and dispersion. Due to techni-
cal reasons, in the employed high-field ESR setup a
mixing of the absorption and dispersion parts (which
are related via the Kramers-Kronig relations [9]) cannot
always be avoided despite the use of phase-lock detec-
tion. Thus the complex signal for the Lorentzian and
Gaussian lineshapes reads:
L = cos(φ)
A
1 + x2
+ sin(φ)
Ax
1 + x2
(7)
G = cos(φ)Ae−x
2/pi + sin(φ)Ae−x
2/pierf(x/
√
pi)
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Figure 12: Results of the demagnetization model for the ESR powder spectra, at ν = 222 GHz: (a) T = 3 K,
comparison of PM and FM cases. (b) T = 20 K, PM case with the best possible fit (blue solid line). The red
dashed line corresponds to the modeled spectrum with a narrower linewidth to make the high-field shoulder
caused by the demagnetization fields visible. (c) Comparison of the modeled PM spectra at T = 20 K with
different values of the demagnetizing factor Nz.
Figure 13: Simulated Gaussian spectra for different
mixing angles φ = 0− 60◦ in Eq. (7).
Here, L is the Lorentzian, G the Gaussian lineshape
with mixing angle φ, erf the error function with x =
(H − H0)/(∆H/2), ∆H = full width at half maxi-
mum. The resonance condition requires hν = gµBH0
for the peak field H0. In the fitting procedure such a
Figure 14: Sketch of the field geometries. Internal field
Hint makes an angle θ with the external field Hext
resulting in an effective total field Htot according to
Eq. (2).
”mixing” effect was included and its degree was con-
trolled by the respective parameter φ in Eq. (7). Ex-
amples of the mixing effect on the ESR spectral shape
are shown in Fig. 13. Even at large φ the character-
istic feature due to the anisotropic internal field can
be reliably identified albeit its shape could be affected.
The peak field H0 in the fitting procedure is the vector
sum of the externally applied field and the internal field,
H0 = || ~Hext + ~Hint|| = (H2int +H2ext− 2HintHext cosθ)1/2
with ~Hint a phenomenological parameter describing the
magnitude of the shoulder feature and a powder aver-
age taken over all orientations of ~Hint. The sketch of
the field geometries is shown in Fig. 14.
In a scenario of dipolar polarization fields Hpol ap-
pearing when an external magnetic fieldHext is applied,
one would assume those fields to point in the direction of
Hext, the strength at each ion position depending on the
direction of Hext (and thus the direction of Hpol) and
on the ion position of the three inequivalent ion sites.
To derive our phenomenological model, two simplifica-
tions have been made: At first, the three inequivalent
ion sites were treated as equal. In fact, in the special
case when Hpol points into the c-direction (perpendicu-
lar to the Kagome plane), there is no difference between
the ion sites. In general, the total internal field strength
is
Hint = sinαH|| + cosαH⊥ (8)
with α being the angle between the c-direction (out of
plane) and the direction of the polarization moments,
i.e., direction of the external field. Secondly, H|| (the
in-plane component) was assumed to be independent
on the specific direction within the ab-plane. Thus, in
a model following these simplifications, the total inter-
nal field depends only on the angle α. It is possible to
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Figure 15: (a) Integrals of the recorded absorption derivative curves dP (u)/dH at 10 GHz (X-band) at different
temperatures. (b) g-factor fit at T = 40 K.
subtract a constant field Hconst from both components,
eliminating one of them and arriving at the model de-
scribed in the main text. This may affect the value
of the g-factor slightly. Importantly, to justify our ap-
proach, we have checked our values against a model with
a full description in terms of dipolar fields for a selected
frequency and temperature. The identical value for the
linewidth and reduction factor r validate our approach.
D. Analysis of the ESR linewidth
For the analysis of the temperature dependence of the
linewidth ∆H, a functional relationship of the form
∆H = A(T − TN)p + ∆H0 (9)
with the free parameters A, p (critical exponent) and
∆H0 (non-critical part of the linewidth at T →∞) was
used (see Fig. 8). This form corresponds to a critical
broadening of the linewidth in the vicinity of a magnetic
phase transition. According to Fig. 4, the phase transi-
tion for the title compound lies below 0.5 K at a field of
≈ 8 T, where the main peak for a radiation frequency
ν= 222 GHz, for which the linewidth was analysed, is
situated. However, since 0.5 K is the lowest available
temperature, the exact value of TN is unknown. In or-
der to estimate the critical exponent p, the two extreme
cases of TN = 0.5 K and = 0 K were therefore considered.
At first, the derivative of the data was fit to the function
d∆H
dT
= B(T − TN)α (10)
for which the unknown constant ∆H0 is eliminated and
p=α+1. The resulting values are p= -0.36 for TN = 0 K
and p= -0.15 for TN = 0.5 K. As a second step, the
linewidth was fit according to Eq. (9) for minimum and
maximum TN, with both p and TN fixed. For TN = 0.5 K
and p= -0.15, it was not possible to carry out a mean-
ingful fit. For TN = 0 K and p= -0.36, the power law fit
was successful (with a parameter of µ0∆H0 = 0.08 T).
E. X-Band data
In addition to high-field ESR, X-band spectra at a
frequency of ν = 10 GHz were recorded [see Fig. 15(a)].
A regular single-peak lineshape without substructure
is observable in the temperature range 4 - 100 K. This
shows that down to an energy of hν = 0.04 meV (with
a resonance at a field of ≈ 0.36 T), there is no ex-
citation gap for the resonance. A fit of the X-band
and HF-ESR data at T = 40 K to the resonance con-
dition hν = gµBHres in Fig. 15(b) yields the g-factor
g = 1.987.
